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,QWURGXFWLRQ
6XUIDFHZDWHUFRPSRQHQWLVDQHVVHQWLDOSDUWRIWKHZDWHUF\FOHSDUWLFXODUO\IUHVKZDWHURIODNHV,WLVDOVRFULWLFDO
VLJQLILFDQW LQ YDULRXV VFLHQWLILF GLVFLSOLQHV VXFK DV WKH DVVHVVPHQW RI SUHVHQW DQG IXWXUH ZDWHU UHVRXUFHV ULYHU
G\QDPLFV DJULFXOWXUH VXLWDELOLW\ FOLPDWHPRGHOV IORRGPDSSLQJHWF ,W LV DOVRYLWDO IRUKXPDQV IRRGFURSV DQG
HFRV\VWHPV&RQVHTXHQWO\DFFXUDWHH[WUDFWLRQRIVXUIDFHZDWHUDUHDVRIZDWHUERG\RIODNHVLVYHU\FUXFLDO$VZDQ
+LJK'DP/DNH$+'/KDVDOHQJWKRIDERXWNPNPLQ(J\SWDQGNPLQ6XGDQ7KLVODNHLVYLWDOWR
(J\SWDVLWVWRUHVDQGUHJXODWHV1LOHZDWHUEHLQJWKHPDLQVRXUFHRIIUHVKZDWHUIRUDERXWRILWVSRSXODWLRQ
$OVR LW LV FRQVLGHUHG D ELJ VRXUFH RI ILVK SURGXFWLRQ LQ (J\SW:DWHU VXUIDFH H[WUDFWLRQ RI $+'/ LV FULWLFDO WR
PRQLWRUFKDQJHVRIWKHODNHVXUIDFHDUHDDVUHJXODUPRQLWRULQJFDQSURYLGHWKHEDVLVIRUXQGHUVWDQGLQJWKHKXPDQ
LQIOXHQFHRQWKHODNHVRDVWRPDQDJHLWPRUHHIIHFWLYHO\>@7KHUHDUHVHYHUDOPHWKRGVDQGWHFKQLTXHVRI5HPRWH
6HQVLQJ DQG*,6 WR LGHQWLI\ ODQG DQGZDWHU DUHDV FRQVLGHULQJ EDQG YDULDWLRQV RI GLIIHUHQWPXOWLVSHFWUDO LPDJHV
0DQ\ UHVHDUFKHV ZHUH GRQH UHODWHG WR WKH ILHOG RI ZDWHU IHDWXUHV H[WUDFWLRQ 7KH PRVW LPSRUWDQW RQHV FDQ EH
SUHVHQWHGDVIROORZV(EDLG>@PHQWLRQHGWKDWFODVVLILFDWLRQRI/DQGVDWLPDJHVLVFRQVLGHUHGWKHEHVWWHFKQLTXHVIRU
ZDWHU WH[WXUH UHFRJQLWLRQ 0XDOD >@ FRQFOXGHG WKDW WKH 1':, JDYH DFFXUDWH UHVXOWV WKDQ WKH 01':, IRU
GHOLQHDWLQJ WKH5RVHLUHV UHVHUYRLUDUHD WKDW LV ORFDWHGRQ WKH%OXH1LOH5RNQL >@ LOOXVWUDWHG WKDW1':,LQGLFDWHG
KLJKHUSHUIRUPDQFHDVFRPSDUHGZLWKRWKHULQGH[HVIRUWKHH[WUDFWLRQRIVXUIDFHZDWHUDUHDIURP/DQGVDWGDWD;X
>@FRQFOXGHGWKDWWKH01':,LVPRUHVXLWDEOHWKDQWKH1':,IRUHQKDQFLQJDQGH[WUDFWLQJZDWHULQIRUPDWLRQIRUD
ZDWHUUHJLRQZLWKDEDFNJURXQGGRPLQDWHGE\EXLOWXSODQGDUHDV/L>@VWXGLHGHOHYHQ1':,PRGHOVEDVHGRQ(2
$GYDQFHG/DQG ,PDJHU $/, /DQGVDW7KHPDWLF0DSSHU 70 DQG/DQGVDW(QKDQFHG7KHPDWLF0DSSHU3OXV
(70GDWDWRDVVHVVWKHLUSHUIRUPDQFHVLQODQGVXUIDFHZDWHUPDSSLQJ
7KH PDLQ REMHFWLYH RI WKLV VWXG\ LV WR HYDOXDWH WKH SHUIRUPDQFHV RI GLIIHUHQW VXUIDFH ZDWHU DUHDV H[WUDFWLRQ
WHFKQLTXHV7KHH[WUDFWLRQWHFKQLTXHVLQFOXGH6XSHUYLVHGDQG8QVXSHUYLVHGLPDJHFODVVLILFDWLRQWHFKQLTXHV>@
:DWHU5DWLR,QGH[>:5,@>@1RUPDOL]HG'LIIHUHQFH9HJHWDWLRQ,QGH[>1'9,@>@1RUPDOL]HG'LIIHUHQFH:DWHU
,QGH[>1':,@>@0RGLILHG1RUPDOL]HG'LIIHUHQFH:DWHU,QGH[>01':,@>@$XWRPDWHG:DWHU([WUDFWLRQ,QGH[
>$:(,@>@DQG1RUPDOL]HG'LIIHUHQFH0RLVWXUH,QGH[>1'0,@>@7KH\DUHXVHGIRUWKHH[WUDFWLRQRIWKHZDWHU
VXUIDFHRI$+'/IURP/DQGVDWGDWD$IWHU WKDW WKHDFFXUDF\DVVHVVPHQWRI WKHVHSHUIRUPDQFHV LVSHUIRUPHGDQG
HYDOXDWHG
6WXG\$UHDDQG'DWD&ROOHFWLRQ
7KHSRUWLRQRI$+'/WKDWH[WHQGLQVLGH(J\SWLDQSDUWRIWKHODNH/DNH1DVVHUZDVVHOHFWHGDVWKHVWXG\DUHDDV
VKRZQLQ)LJ

)LJ/RFDWLRQRIWKHVWXG\DUHDLQ$+'/
,WLVORFDWHGEHWZHHQODWLWXGHV???DQG???1XSVWUHDPWKH$VZDQ+LJK'DP7KHVWXG\DUHDLQFOXGHVD
VXUIDFHRIWKHZDWHUWKDWFKDUDFWHUL]HGE\LWVODUJHQXPEHURIPHDQGHULQJDQGDOVRLQFOXGHVRPHODNH
VVHFRQGDU\FKDQQHOV
1207 Mohamed Elsahabi et al. /  Procedia Technology  22 ( 2016 )  1205 – 1212 
.KRUV7KLV VWXG\ DUHD FRQVLGHUHGRQHRI WKHPRVW GLIILFXOW SRUWLRQVRI$+'/ IRU H[WUDFWLQJ HIILFLHQWO\RI LWVZDWHU
VXUIDFH7KHUHIRUHLWLVLPSRUWDQWWRILQGWKHEHVWPHWKRGIRUH[WUDFWLQJWKHZDWHUVXUIDFHRIWKLVDUHDIRUDSSO\LQJLWWRWKH
HQWLUHODNHLQWKHIXWXUHVWXGLHV7RDFKLHYHWKHSXUSRVHRIWKHSDSHUVDWHOOLWHGDWDDUHXVHGSDUWLFXODUO\/DQGVDW(70
LPDJH3DWK5RZ ZDVDGRSWHG LQ WKLV UHVHDUFK7KH LPDJHGDWD IURP0DUFKZDVDFTXLUHG IURP WKH
LQWHUQHW LQ*HR7,)) V\VWHPDWLFFRUUHFWLRQSURGXFW >@)RU WKXV LW LV IUHHRI JHRPHWULF UDGLRPHWULF DQGQRLVH HUURUV
)XUWKHUPRUH LW LV QR QHHG WR WKH SUHSURFHVVLQJ VWHS LQ WKH GLIIHUHQW DSSOLFDWLRQV RI WKLV LPDJH 7KLV GDWD ZDV
JHRUHIHUHQFHGE\WKH*OREDO/DQG&RYHU)DFLOLW\*/&)WR WKH:*6HOOLSVRLGZLWK8QLYHUVDO7UDQVYHUVH0HUFDWRU
870SURMHFWLRQ]RQHQRUWK7KHFKDUDFWHULVWLFVRIWKH/DQGVDW(70EDQGVZHUHVXPPDUL]HGLQ7DEOH>@)LJ
UHSUHVHQWVWKHRULJLQDODFTXLUHGVDWHOOLWHLPDJHDQGWKHORFDWLRQRIWKHVWXG\DUHDLQWKLVLPDJH
7DEOH/DQGVDW(QKDQFHG7KHPDWLF0DSSHUSOXV(70%DQGV
%DQGV 1DPH %DQG:LGWKڣP 6SDWLDO5HVROXWLRQ
 %OXH  P
 *UHHQ  P
 5HG  P
 1HDU,QIUDUHG1,5  P
 0LGGOHLQIUDUHG0,5  P
 7KHUPDO,5  P
 6KRUWZDYH,56:,5  P
 3DQFKURPDWLF  P


)LJ/RFDWLRQRIWKHVWXG\DUHDLQWKHRULJLQDO/DQGVDW(70LPDJHEDQG
0HWKRGRORJ\
7R DFKLHYH WKH DLP RI WKH SUHVHQW SDSHU WKH IROORZLQJ WDVNV ZHUH SHUIRUPHG LPDJH FODVVLILFDWLRQ SURFHVV
VXSHUYLVHGDQGXQVXSHUYLVHGFODVVLILFDWLRQPHWKRGV FRPSXWDWLRQRI WKH VSHFWUDOZDWHU LQGLFHVJHQHUDWLRQRI WKH
UHIHUHQFH PDS H[WUDFWLRQ RI VXUIDFH ZDWHU DUHDV DQG DFFXUDF\ DVVHVVPHQW RI WKH H[WUDFWHG ZDWHU DUHDV )LJXUH 
VKRZVDIORZFKDUWRIWKHSURFHGXUHVDGRSWHGLQWKLVVWXG\WRH[WUDFWWKHZDWHUVXUIDFHDUHD
,PDJHFODVVLILFDWLRQSURFHVVXVLQJVXSHUYLVHGFODVVLILFDWLRQWHFKQLTXH
6XSHUYLVHGFODVVLILFDWLRQPHWKRGVDUHPRUHZLGHO\XVHG,WLVWKHSURFHVVRIXVLQJVDPSOHVRINQRZQLGHQWLW\WR
FODVVLI\ SL[HOV RI XQNQRZQ LGHQWLW\ 7KLV FODVVLILFDWLRQ WHFKQLTXH LV SHUIRUPHG WR JHW WKH FODVVLILHG LPDJH ODQG
ZDWHUPDS
,PDJHFODVVLILFDWLRQSURFHVVXVLQJXQVXSHUYLVHGFODVVLILFDWLRQWHFKQLTXH
,QWKLVSURFHVVWKHUHLVQRNQRZOHGJHDERXWODQGFRYHUFODVVQDPHV7KHXVHUPXVWVSHFLI\VRPHSDUDPHWHUVVXFK
DV WKHDSSUR[LPDWHQXPEHURIQHHGHGFOXVWHUV WRREWDLQ WKHPD[LPXPFOXVWHU VL]H WKHPLQLPXPGLVWDQFH WKDW LV
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DOORZHG EHWZHHQ GLIIHUHQW FOXVWHUV HWF 7KXV LQ WKH XQVXSHUYLVHG DSSURDFK ZH GHWHUPLQH VSHFWUDOO\ VHSDUDEOH
FODVVHV DQG WKHQ GHILQH WKHLU LQIRUPDWLRQDO XWLOLW\ >@ 7KLV FODVVLILFDWLRQ WHFKQLTXH LV SHUIRUPHG WR REWDLQ WKH
FODVVLILHGLPDJHODQGZDWHUPDS

)LJ)ORZFKDUWRIWKHSURFHGXUHVDGRSWHGLQWKLVVWXG\WRH[WUDFWWKHZDWHUVXUIDFHDUHD
&RPSXWDWLRQRIVDWHOOLWHGHULYHGLQGLFHVVSHFWUDOZDWHULQGLFHV
7KHVSHFWUDOZDWHU LQGLFHV WKDWDUHFRPSXWHG LQ WKLVVWXG\IRUZDWHU IHDWXUHVH[WUDFWLRQSURFHVV WKHLUHTXDWLRQV
DQGUDQJHVIRUZDWHUERGLHVZHUHVXPPDUL]HGDVEHORZ
x :DWHU5DWLR,QGH[:5,>@
ܹܴܫ ൌ ሺீ௥௘௘௡ାோ௘ௗሻሺேூோାெூோሻ   
ZKHUHWKHZDWHUERG\YDOXHLVJUHDWHUWKDQ
x 1RUPDOL]HG'LIIHUHQFH9HJHWDWLRQ,QGH[1'9,>@
ܰܦܸܫ ൌ ሺேூோିோ௘ௗሻሺேூோାோ௘ௗሻ  
ZKHUHZDWHUERGLHVKDYHQHJDWLYHYDOXHV
x 1RUPDOL]HG'LIIHUHQFH:DWHU,QGH[1':,>@
ܰܦܹܫ ൌ ሺீ௥௘௘௡ିேூோሻሺீ௥௘௘௡ାேூோሻ  
ZKHUHZDWHUERGLHVKDYHSRVLWLYHYDOXHV
x 0RGLILHG1RUPDOL]HG'LIIHUHQFH:DWHU,QGH[01':,>@
ܯܰܦܹܫ ൌ ሺீ௥௘௘௡ିெூோሻሺீ௥௘௘௡ାெூோሻ  
ZKHUHZDWHUERGLHVKDYHSRVLWLYHYDOXHV
x $XWRPDWHG:DWHU([WUDFWLRQ,QGH[$:(,>@
ܣܹܧܫ ൌ Ͷ ൈ ሺܩݎ݁݁݊ െ ܯܫܴሻ െ ሺͲǤʹͷ ൈ ܰܫܴ ൅ ʹǤ͹ͷ ൈ ܹܵܫܴሻ 
ZKHUH:DWHUERGLHVKDYHSRVLWLYHYDOXHV
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x 1RUPDOL]HG'LIIHUHQFH0RLVWXUH,QGH[1'0,>@
ܰܦܯܫ ൌ ሺேூோିெூோሻሺேூோାெூோሻ  
ZKHUHZDWHUERGLHVKDYHSRVLWLYHYDOXHV
7KHDERYHPHQWLRQHGVSHFWUDOZDWHULQGLFHVDUHFRPSXWHGWRJHQHUDWHODQGZDWHUPDSIRUHDFKLQGH[
*HQHUDWLRQRIWKHUHIHUHQFHPDS
7KHUHIHUHQFHPDSLVJHQHUDWHGXWLOL]LQJFDUHIXORQVFUHHQGLJLWL]LQJRIODNHVXUIDFHERXQGDULHVLQ/DQGVDW(70
LPDJHEDQGXVLQJYLVXDOLQWHUSUHWDWLRQ%DQGZKLFKUHSUHVHQWV1,5EDQGRI/DQGVDWGDWDLVXVXDOO\SUHIHUUHG
IRUYLVXDOLQWHUSUHWDWLRQRIZDWHUERGLHVEHFDXVH1,5LVVWURQJO\DEVRUEHGE\ZDWHUDQGLVVWURQJO\UHIOHFWHGE\WKH
WHUUHVWULDOYHJHWDWLRQDQGGU\VRLO7KHUHIRUHEDQGLVVHOHFWHGLQWKLVVWXG\GXHWRLWVKLJKHUDELOLW\WRGLVFULPLQDWH
ZDWHUDQGODQGDUHDV>@
([WUDFWLRQRIVXUIDFHZDWHUDUHDV
7KHH[WUDFWLRQRIVXUIDFHZDWHUDUHDVIURPDOOODQGZDWHUPDSVDUHDFKLHYHGE\GLVFULPLQDWLQJWKHZDWHUIURP
ODQGXVLQJ$UF*,6VRIWZDUH
$FFXUDF\DVVHVVPHQWRIWKHH[WUDFWHGZDWHUDUHDV
7KHGHULYHGZDWHUOD\HUVZHUHRYHUODLGZLWKWKHUHIHUHQFHZDWHUOD\HUWRGLVSOD\WKHGHJUHHRIPLVFODVVLILFDWLRQ
HUURULQZDWHUVXUIDFHVH[WUDFWLRQ)LQDOO\WKHRYHUDOODFFXUDF\>@DQGWKHDEVROXWHHUURUDUHFRPSXWHGWRVXSSRUW
WKHDFFXUDF\DVVHVVPHQWDQDO\VLV
5HVXOWVDQGGLVFXVVLRQ
'LIIHUHQWWHFKQLTXHVLQFOXGLQJVXSHUYLVHGFODVVLILFDWLRQ6&/XQVXSHUYLVHGFODVVLILFDWLRQ86&/:5,1'9,
1':,01':, $:(, DQG1'0, DUH XVHG WR   H[WUDFW WKH VXUIDFH ZDWHU IURP WKH /DQGVDW (70 GDWD 7KH
DEVROXWHHUURUDQGWKHRYHUDOODFFXUDF\DUHFRPSXWHGWRDVVHVVWKHDFFXUDF\RIWKHUHVXOWV)LJVKRZVWKHGHULYHG
ODQGZDWHUPDSVIURPWKHDERYHPHQWLRQHGWHFKQLTXHVDQGWKHUHIHUHQFHLPDJH7KHH[WUDFWHGZDWHUVXUIDFHVIURP
ODQGZDWHUPDSVZHUHLOOXVWUDWHGLQ)LJ7KHDUHDVRIWKHH[WUDFWHGZDWHUVXUIDFHVRIWKHVWXG\DUHDDUHSUHVHQWHG
LQ7DEOH7KHDQDO\VLVRI WKHDFFXUDF\DVVHVVPHQW LV VKRZQ LQ7DEOH0RUHRYHU WKHRYHUDOO DFFXUDF\RIHDFK
VWXGLHG WHFKQLTXHZDV LQGLFDWHG LQ)LJ7KH1'9,ZDVGHYHORSHGPDLQO\ IRU VHSDUDWLQJJUHHQYHJHWDWLRQ IURP
RWKHUVXUIDFHV%HFDXVHRIWKHODFNRIJUHHQYHJHWDWLRQVXUURXQGLQJWKHZDWHUVXUIDFHLQWKHVWXG\DUHDWKHGHULYHG
ODQG ZDWHU PDS IURP 1'9, ZDV FRQVLGHUHG XQDFFHSWDEOH DQG XQUHOLDEOH PDS ZKLFK FRQWDLQ DQ XQUHDOLVWLF
GLVWULEXWLRQ RI ZDWHU VXUIDFH WKURXJK WKH VWXG\ DUHD 7KHUHIRUH WKH 1'9, WHFKQLTXH LV QRW HYDOXDWHG DQG LV
FRQVLGHUHGDGLVTXDOLILHGPHWKRGIRUH[WUDFWLQJWKHZDWHUVXUIDFHRIWKHVWXG\DUHD
,Q WKLV VWXG\ WKH XQVXSHUYLVHG FODVVLILFDWLRQ WHFKQLTXH SHUIRUPHG VLJQLILFDQWO\ EHWWHU FRPSDUHG ZLWK RWKHU
WHFKQLTXHV IRUVXUIDFHZDWHUH[WUDFWLRQ7KHRYHUDOODFFXUDF\RI WKHXQVXSHUYLVHG WHFKQLTXH LVDERXW7KH
YLVXDOFRPSDULVRQVKRZVWKDWWKHERXQGDULHVRIWKHPDSSHGZDWHUVXUIDFHVPDWFKWKHDFWXDOERXQGDULHVRIWKHZDWHU
LQ WKH UHIHUHQFH LPDJHYHU\FORVHO\+RZHYHU VRPH LQDFFXUDFLHVDQGRPLVVLRQVRFFXUUHGDV VKRZQ LQ)LJDQG
)LJUHVSHFWLYHO\ZKLFKFRQVLGHUHGWKHSULPDU\FDXVHRIHUURUVLQWKHUHVXOWV7KHVHRPLVVLRQVDIIHFWWKHYDOXHVRI
WKHDFFXUDF\RIDOOWHFKQLTXHV
,W LVREVHUYHG WKDW WKHXQVXSHUYLVHGFODVVLILFDWLRQ WHFKQLTXHSURGXFHVDEHWWHUSHUIRUPDQFH WKDQ WKH VXSHUYLVHG
FODVVLILFDWLRQWHFKQLTXHEHFDXVHWKHRSSRUWXQLW\IRUKXPDQHUURULVPLQLPL]HGZLWKWKHXQVXSHUYLVHGFODVVLILFDWLRQ
,QDGGLWLRQ WKHXQVXSHUYLVHGFODVVLILFDWLRQDOORZVXQLTXHFODVVHV WREHUHFRJQL]HGDVGLVWLQFW±XQLWV2Q WKHRWKHU
KDQG WKH VXSHUYLVHGFODVVLILFDWLRQPD\DOORZ WKHVHXQLTXHFODVVHV WRJRXQUHFRJQL]HGDQGFRXOG LQDGYHUWHQWO\EH
LQFRUSRUDWHGLQWRRWKHUFODVVHVFUHDWLQJHUURUWKURXJKRXWWKHHQWLUHFODVVLILFDWLRQ
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7DEOH$UHDVRIUHIHUHQFHDQGH[WUDFWHGZDWHUVXUIDFHV
0DS 5HIHUHQFH 6&/ 86&/ :5, 1'9, 1'9, 01':, $:(, 1'0,
:DWHU6XUIDFH
DUHDNP
        

7KH1'0,ZDVGHYHORSHGIRUGHWHFWLRQRIYHJHWDWLRQZDWHUOLTXLGDQGWKXVZRXOGQRWEHHIILFLHQWIRUH[WUDFWLRQ
RIZDWHU)HDWXUHV+RZHYHULWSHUIRUPVZHOOIRUVXUIDFHZDWHUH[WUDFWLRQLWJDYHDQRYHUDOODFFXUDF\DERXW
7KH$:(,LVIRUPXODWHGWRHOLPLQDWHHIIHFWLYHO\GDUNEXLOWVXUIDFHVLQDUHDVZLWKDQXUEDQEDFNJURXQG,QWKHVWXG\
DUHDZKHUH WKHUHDUHQRXUEDQDUHDV WKH1':,DQG WKH01':,SHUIRUPHGEHWWHUFRPSDUHGZLWK WKH$:(,IRU
VXUIDFHZDWHUH[WUDFWLRQSURFHVV


)LJ7KHUHIHUHQFHDQGWKHUHVXOWLQJODQGZDWHUPDSVIURP/DQGVDW((0LPDJHD5HIHUHQFHPDSE6XSHUYLVHGFODVVLILFDWLRQ
PDSF8QVXSHUYLVHGFODVVLILFDWLRQPDSG:5,PDSH1':,PDSI01':,PDSJ$:(,PDSK1'0,PDS
7KHHQKDQFHGZDWHUIHDWXUHVXVLQJWKH1':,DUHRIWHQPL[HGZLWKEXLOWXSODQGDQGWKHDUHDRIH[WUDFWHGZDWHU
FDQ EH RYHUHVWLPDWHG 7KH01':, ZDV GHYHORSHG WR PRGLI\ WKH 1':, LQ GHWHFWLQJ ZDWHU IHDWXUHV IRU ZDWHU
UHJLRQVZLWKEDFNJURXQGVGRPLQDWHGE\EXLOWXSDUHDV
,Q WKLV VWXG\ 1':, SURGXFHG DSSUR[LPDWHO\ DQ RYHUDOO DFFXUDF\ YHU\ FORVH WR WKH DFFXUDF\ RI01':, DV
DOPRVWWKHUHDUHQ¶WDQ\EXLOWXSDUHDVVXUURXQGLQJWKHZDWHUERXQGDULHVLQWKHVWXG\DUHD
,W LV REYLRXV IURP 7DEOH  WKDW WKH XQVXSHUYLVHG FODVVLILFDWLRQ DQG WKH:5, WHFKQLTXHV FRXOG QRW HIIHFWLYHO\
DFKLHYHDFFXUDF\UHVXOWVLQFRPSDULVRQZLWKWKHRWKHUWHFKQLTXHVLQH[WUDFWLQJWKHZDWHUVXUIDFHRIWKHVWXG\DUHD
%DVHG RQ WKH UHIHUHQFHZDWHU VXUIDFH DUHD WKDW FRPSXWHG LQ7DEOH  WKH1':, WHFKQLTXH XQGHUHVWLPDWHG WKH
FKDQJHEHWZHHQWKHH[WUDFWHGZDWHUVXUIDFHDUHDVDQGWKHUHIHUHQFHZDWHUDUHDDERXW.PZKLOHWKHFKDQJH
ZDV RYHUHVWLPDWHG DERXW .P .P DQG .P XVLQJ XQVXSHUYLVHG FODVVLILFDWLRQ01':, DQG
1'0,WHFKQLTXHVUHVSHFWLYHO\
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7KHVXSHUYLVHGFODVVLILFDWLRQ:5,DQG$:(,WHFKQLTXHVKLJKO\XQGHUHVWLPDWHGWKHFKDQJHLQWKHDUHDEHWZHHQ
WKHH[WUDFWHGZDWHUVXUIDFHDUHDVDQGWKHUHIHUHQFHDUHD
7KH DFFXUDF\ DVVHVVPHQW DQDO\VLV XVLQJ WKH DEVROXWH HUURU VKRZV WKH VXSHULRULW\ RI WKH XQVXSHUYLVHG
FODVVLILFDWLRQ1':,DQG01':,WHFKQLTXHVIRUVXUIDFHZDWHUDUHDVH[WUDFWLRQFRPSDUHGZLWKRWKHUWHFKQLTXHV


)LJ7KHH[WUDFWHGZDWHUVXUIDFH:6ZKLFKRYHUODLGRQWKHUHIHUHQFHLPDJHD5HIHUHQFH:6E([WUDFWHG:6E\VXSHUYLVHG
FODVVLILFDWLRQWHFKQLTXHF([WUDFWHG:6E\XQVXSHUYLVHGFODVVLILFDWLRQWHFKQLTXHG([WUDFWHG:6E\:5,H([WUDFWHG:6E\1':,I
([WUDFWHG:6E\01':,J([WUDFWHG:6E\$:(,K([WUDFWHG:6E\1'0,
7DEOH7KHDFFXUDF\DVVHVVPHQWDQDO\VLV
7HFKQLTXH 6XS&O 8QVXS&O :5, 1':, 01':, $:(, 1'0,
$EV(UURU.P       
2YHUDOO
DFFXUDF\
      


)LJ7KHRYHUDOODFFXUDF\RIZDWHUVXUIDFHH[WUDFWLRQWHFKQLTXHV
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&RQFOXVLRQV
7KLVSDSHUSUHVHQWV DQGGLVFXVVHV WKH UHVXOWV RI WKHSHUIRUPDQFH HYDOXDWLRQ IRU WKH H[WUDFWLRQRI VXUIDFHZDWHU
SURFHVVEDVHGRQXVLQJ/DQGVDW(70LPDJH7KHUHVXOWVLQGLFDWHWKDWWKHVXSHULRULW\DQGKLJKHUSHUIRUPDQFHRIWKH
XQVXSHUYLVHG FODVVLILFDWLRQ WHFKQLTXH RYHUDOO DFFXUDF\ HTXDO  DV FRPSDUHGZLWK RWKHU WHFKQLTXHV IRU WKH
H[WUDFWLRQ RI VXUIDFH ZDWHU IURP /DQGVDW GDWD 7KH DFFXUDF\ RI WKH RWKHU PHWKRGV LV LQ WKH UDQJH RI  WR
,WVKRXOGEHPHQWLRQHGWKDWWKHUHVXOWLQJHUURUVLQWKHZDWHUVXUIDFHH[WUDFWLRQSURFHVVDUHPDLQO\GXHWRWKH
RPLVVLRQRIZDWHUSL[HOVDURXQGWKHHGJHVRIWKHODNH0RUHRYHU WKH1'9,ZDVLQFDSDEOHRIH[WUDFWLQJWKHZDWHU
VXUIDFHRIWKH$VZDQ+LJK'DP/DNHVWXG\DUHD7KHDXWKRUVUHFRPPHQGHGWKDWWKHVDPHVWXG\VKRXOGEHUHSHDWHG
RQRWKHUODNHVWRFRQILUPWKHSHUIRUPDQFHRIWKHWHVWHGPHWKRGVRQODNHVLQJHQHUDO$OVRLWLVKLJKO\UHFRPPHQGHG
WRXVHWKHVDPHWHVWHGPHWKRGVLQWKLVSDSHULQVWXG\LQJWKHFKDQJHGHWHFWLRQRIWKHVWXG\DUHD
$FNQRZOHGJHPHQWV
$VZDQ8QLYHUVLW\DQG(J\SW-DSDQ8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\(-867DUHKHUHE\DFNQRZOHGJHGIRU
SURYLGLQJWKHIDFLOLWLHVXWLOL]HGGXULQJWKLVUHVHDUFKZRUN
5HIHUHQFHV
>@ 5RNQL.$KPDG$6HODPDW$+D]LQL6:DWHUIHDWXUHH[WUDFWLRQDQGFKDQJHGHWHFWLRQXVLQJPXOWLWHPSRUDO/DQGVDWLPDJHU\-RXUQDORI
5HPRWH6HQVLQJ
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
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XVLQJVDWHOOLWHDOWLPHWU\DQGLPDJHU\GDWD5HPRWH6HQV±
>@ ;X+0RGLILFDWLRQRIQRUPDOLVHGGLIIHUHQFHZDWHULQGH[1':,WRHQKDQFHRSHQZDWHUIHDWXUHVLQUHPRWHO\VHQVHGLPDJHU\,QWHUQDWLRQDO
-RXUQDORI5HPRWH6HQVLQJ
>@ /L:'X=/LQJ)=KRX':DQJ+*XL<6XQ%=KDQJ;$&RPSDULVRQRI/DQG6XUIDFH:DWHU0DSSLQJ8VLQJWKH1RUPDOL]HG
'LIIHUHQFH:DWHU,QGH[IURP70(70DQG$/,-RXUQDORI5HPRWH6HQVLQJ
>@ (O6DPPDQ\06(O0RXVWDID$0$GDSWDWLRQRI6XUIDFH:DWHU0RGHOLQJ6\VWHPIRU6HGLPHQW7UDQVSRUW,QYHVWLJDWLRQVLQ/DNH1DVVHU
-RXUQDORI1LOH%DVLQ:DWHU6FLHQFHDQG(QJLQHHULQJ±
>@ )H\LVD*/0HLOE\+)HQVKROW53URXG65$XWRPDWHGZDWHUH[WUDFWLRQLQGH[$QHZWHFKQLTXHIRUVXUIDFHZDWHUPDSSLQJXVLQJ/DQGVDW
LPDJHU\5HPRWH6HQVLQJRI(QYLURQPHQW±
>@ :LOVRQ(+6DGHU6$'HWHFWLRQRIIRUHVWKDUYHVWW\SHXVLQJPXOWLSOHGDWHVRI/DQGVDW70LPDJHU\5HPRWH6HQVLQJRI(QYLURQPHQW
±
>@ 7KH*OREDO/DQG&RYHU)DFLOLW\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
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$XJXVW
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

